Magnetic Transducer with Electrically Conductive Shield for 
Reducing Electromagnetic Interference 



Field of the Invention 

The invention relates to the field of magnetic transducers (heads) and 
more particularly to heads with shields which reduce externally generated 
electromagnetic interference. 

Background of the Invention 

Demands for increased areal recording density in magnetic disk drives in 
turn require read heads with a hjgher signal-to-noise ratio (SNR). Demands for a 
higher SNR increase the need to shield the sensor element from external signals 
such as RF interference or noise. 

A typical prior art head and disk system is illustrated in figure 1. In 
operation the head 10 is supported by a suspension 13 as it flies above the disk 
16. The magnetic transducer, usually called a "head," is composed of elements 
that perform the task of writing magnetic transitions (the write head 23) and 
reading the magnetic transitions (the read head 12). The electrical signals to and 
from the read and write heads 12, 23 travel along conductive paths 14 which are 
attached to or embedded in the suspension arm. Typically there are two 
electrical contact pads each for the read and write heads. Wires or leads are 
connected to these pads and routed in the suspension 13 to the arm electronics 
(not shown). The disk 16 is attached to a spindle 18 which is driven by a spindle 
motor 24 to rotate the disk. The disk 16 comprises a substrate 26 on which a 
plurality of thin films 21 are deposited. The thin films include ferromagnetic 
material in which the write head records the magnetic transitions in which 
information is encoded. 
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The layers comprising the read head 12 of the prior art head 10 are further 
illustrated in figure 2. Only selected layers have been illustrated in the figure for 
clarity. The undercoat 1 1 is deposited on substrate 15. The sensor element 32, 
which can be a Giant Magnetoresistive (GMR) element or the like, is surrounded 
5 on two sides in a sandwich fashion by two magnetic shields 17, 19 which are 
typically called SI and S2 respectively. A primary function of S1 and S2 is to 
shield the sensor element (GMR, etc.) from adjacent magnetic signals on the 
disk drive surface and therefore, to allow the sensor to respond only to the signal 
from a very small area of magnetic material on the disk and thereby reduce the 

□ 10 bit size. The shields also protect the sensor element from the magnetic field 
generated by the write head. 

in Variations on the basic S1 and S2 shielding include magnetically 

.Jy connecting the shields through a low reluctance path as is described in U.S. 

J=j patent 5,923,502 to Christensen, et al. 

a 15 U.S. patent 5,754,369 to Balakrishnan provides electrostatic shielding 

during reading by grounding the write traces in the suspension which are routed 
0 proximate to the read traces. 

Q A magnetic tunnel junction (MJT) magnetoresistive head is described in 

U.S. patent 5,898,548 to Dill, et a!., which has electrically conducting spacer 
20 layers at the top and bottom of the MJT. These electrically conducting spacer 
layers lie between the shields and are used to connect the MJT to the shields. 

A model of the equivalent circuit of the prior art read head interface with 
the disk shows three largest elements of capacitive coupling: S1 to disk; S2 to 
disk and substrate to disk. The value of the total capacitance is inversely 
25 proportional to the distance between the disk and the head elements and directly 
proportional to the areas of the conductive elements. The thin films on the disk 
are conductive and, therefore, may act as an antenna that injects 
electromagnetic interference into the head. Depending on the specific values of 
the capacitance and other components in the circuit, strong external RF signals 
30 from sources outside of the drive and RF signals generated by the drive 

electronics can be picked up by the read head. The RF noise coupled from the 
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disk by the mechanism described above, is further capacitively coupled into the 
sensor (e.g. GMR) element and the lead structure. The coupling occurs through 
multiple paths, with the largest contribution coming from capacitive coupling 
between the substrate 15 and the sensor leads (not shown), as well as, through 
5 the path from the substrate to S1 and the sensor leads. This noise is 

indistinguishable from the sensor signal, and therefore, adversely affects the 
SNR. 

C3 10 Summary of the Invention 

^ A head according to the invention includes an electrically conductive 

W shield (ECS) which is disposed between the substrate and first magnetic shield 
%4 (S1). The ECS is preferably embedded in an insulating undercoat layer. The 

15 ECS is preferably electrically isolated from the MR or GMR sensor element and, 
H when the head is installed in the arm, externally connected to a ground available 
V in the arm which can be an electronic signal ground or case ground. Two 
O alternative methods for connecting the ECS to a ground are described. In one 
embodiment, which is only effective with a single-ended input type of arm 
20 electronics, the ECS is connected to the ground through a via to a lead pad for 
the read head which is connected to the ground of the arm electronics. In this 
embodiment the ECS is electrically shorted to one side of the sensor element. 
In a second and more preferred embodiment a separate pad is included on the 
head to allow the ECS to be connected to a ground independent of the sensor 
25 element when the head is installed in the arm. 

The extent of the ECS should be sufficiently large to cover the read head 
portion of the transducer, i.e., from S1 to the outer edges of the read lead pads, 
but should not be so large that it significantly contributes to stray capacitance in 
the write head. The ECS may or may not extend to the air bearing surface, but if 
30 the ECS is exposed at the air bearing surface it should be made from a 
noncorrosive material. 
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Brief Description of the Figures 

Figure 1 is an illustration of the prior art showing the relationships between the 
5 head and associated components in a disk drive. 

Figure 2 is an illustration of a section of a prior art head showing selected layers 
comprising the read head. 

p 10 Figure 3 is an illustration of a section, parallel to the air bearing surface of a head 
^ with an embodiment of the invention. 

iri 

y Figure 4 is an illustration of a section, perpendicular to the air bearing surface of 
a head with a first embodiment of the invention. 

/ 15 

[I Figure 5 is an illustration of a section, perpendicular to the air bearing surface of 
Q a head with a second embodiment of the invention. 

£ 'i 

Figure 6 is an illustration of a section, perpendicular to the air bearing surface of 
20 a head with a third embodiment of the invention 

Detailed Description of the Invention and the Preferred Embodiments 

25 A first embodiment of the invention in a "merged" GMR head 10 is 

illustrated in figure 3 in a section view taken parallel to the air bearing surface. 
This embodiment is only useful in drives having a single-ended input type of 
amplifier in the arm electronics, since it requires that one of the leads for the read 
head be connected to ground. With the exceptions described below, the layers 

30 of the head 10 are built up in the conventional order and using conventional 
deposition techniques starting with substrate 15 on which an initial layer of 
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undercoat material 1 1a is deposited. The undercoat material serves as electrical 
insulation and may be, for example, alumina. The layer of electrically conductive 
material, preferably copper or a copper alloy in this embodiment, for the 
electrically conductive shield (ECS) 31 is deposited and patterned using 
5 conventional techniques such as those used to deposit and pattern conventional 
components in the head 10 such as the coil 40 and the connection pads such as 
the write pads 33, 34 and the read pads 38, 39. 

In the preferred embodiments, the ECS 31 is kept away from the write 
pads 33, 34 .This avoids the parasitic capacitance that would othenA/ise be 
Q 10 introduced into the write circuitry with deleterious effects. The write signal would 
Jjj be partially shunted to ground through the ECS 31 if significant parasitic 
in capacitance were allowed to form. On the other hand, the write pads 33, 34 are 
already grounded by the write driver of the arm electronics (not shown) during 
reading and, therefore, do not contribute to the noise pick-up. Thus, there is no 
15 benefit to be gained from placing the ECS 31 over the write pads 33, 34 and 
degraded performance of the write head would result. 
^ The ECS 31 in the embodiment of figure 3 extends from approximately 

errs 

n the edge of SI 17, so that the write pads 33, 34 will not have the ECS 31 under 
them. The ECS 31 extends to the outer edge of the outermost read pad 39. 

20 Once the extent of the ECS 31 is set, a second layer of the undercoat material 
1 1 b is deposited over the exposed initial layer 1 1 a of the undercoat and the ECS 
31 . At the point in the process when the read pad 38 is to be deposited a via 36 
preferably should already be formed in the undercoat layer lib under the read 
pad 38. The via 36 allows the electrically conductive material used for the read 

25 pad 38 to fill the via 36 and to provide an electrical connection from the ECS 31 
to the read pad 38. When the head 10 is ultimately installed in a suspension the 
read pad 38 will be connected to the ground in the arm electronics which are not 
shown in this view. The subsequent deposition process for the other elements of 
the head up to the coil 40 and P2 42, continues according to the prior art. The 

30 conductive material is also kept back from the air bearing surface in this 
embodiment. 



SJO9-2000-0093US1 



# 



CP 
bi 



Copper is the preferred material for the ECS 31 when the ECS 31 does 
not extend to the ABS 22, but other conductive materials can be used. Copper 
is already used in prior art heads for coils and lead pads, so conventional 
techniques can be used to deposit and pattern the copper for the ECS 31 . Other 
5 metals such as gold, silver, chromium, aluminum, etc. can also be conveniently 
used. 

The thickness of the ECS 31 is not critical. Since the ECS 31 does not 
affect the spacing of any other components in the head, the only constraints are 
that it be thick enough to be sufficiently conductive to perform adequate shielding 

10 and that it not be so thick as to increase the size of the head or degrade 
planarization. Adequate conductivity can be determined empirically for the 
particular head design in which the ECS 31 is being used. A thickness on the 
order of 1 ,000 Angstroms is a good estimate for heads in common use as of the 
writing of the application. 

15 Figure 4 is an illustration of a section of a head 1 0 through the ECS 31 , 

perpendicular to the air bearing surface (ABS) 22 of the head according to the 
first embodiment of the invention as shown in figure 3. The section line IV is 
indicated in figure 3 with a broken line and arrows pointing in the direction of the 
view. When the ECS 31 is deposited, the majority of the components of the head 

20 will not have been deposited. The ECS 31 preferably does not extend over the 
entire layer. In this embodiment the ECS 31 is formed in a continuous film to 
cover the area where S1 17 and the read pads 38, 39 will subsequently be 
formed. The ECS 31 will not extent over the area where the write pads 33, 34 
will subsequently be formed. In the section taken for figure 4, only the underlayer 

25 1 1 B and the ECS 31 are present. Therefore, the write pads 33, 34; SI 17; the 
via 36 and the read pads 38, 39 are shown in phantom indicating that these 
elements are present further into the head. The ECS 31 extends over the via 36 
which electrically connects the ECS 31 to the read pad 38. 

The labels CS1, CS2 and CS3 in figure 4 indicate lines perpendicular to 

30 the plane of the section along which the layers will be described in order to define 
the coverage of the ECS 31. The CS1 line passes through the approximate 
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center of the S1 magnetic shield 17. A hypothetical cylindrical core (not shown) 
centered around the CS1 line with a radius selected so that the core does not 
extend outside of S1 17 would also not extend outside of the ECS 31. 

Thus, if such a cylindrical core sample of the head embodiment of figure 4 
5 were taken along the CS1 line, the features encountered in sequence would be 
the substrate 15; the first undercoat layer 1 la ; the electrically conductive shield 
31; the second undercoat layer lib and the magnetic shield SI 17. From SI 17 
onward the layers are identical to the prior art and can be any of the variations 
known in the prior art. Thus, viewed along this core, the ECS 31 substantially 
j.^ 10 covers SI 17. 

''B The CS2 line is approximately centered in the write lead pad 34. In a 

yi cylindrical core sample (also not shown) of the head 10 embodiment of figure 4 
f; taken along the CS2 line selected not to extend beyond the boundary of the write 

lead pad 34, the features encountered in sequence would be the substrate 15; 
s " 15 the first undercoat layer 11a; the second undercoat layer 11b and the write pad 
H 34. Thus, viewed along this core, the ECS 31 does not cover the write pad 34. 
□ In a similar core sample of the head 1 0 embodiment of figure 4 taken 

Q along the CS3 line, which is approximately centered in the read lead pad 39, and 
selected not to extend beyond the boundary of the pad 39, the features 
20 encountered in sequence would be the substrate 15; the first undercoat layer 
1 la; the ECS 31; the second undercoat layer lib and the read pad 39. Thus, 
viewed along this core, the ECS 31 covers the read pad 39. 

Figure 5, similarly to figure 4, is an illustration of a section of a head 10 
through the ECS 31 , perpendicular to the air bearing surface of the head 10 
25 according to a second embodiment of the invention. This embodiment is useful 
in drives having either single-ended or differential amplifiers in the arm 
electronics (not shown), since it utilizes a dedicated lead pad 44 which is 
connected to a ground independent of the read pads 38, 39. In this 
embodiment the ECS 31 encompasses the areas of the first embodiment of the 
30 ECS 31 and includes an additional grounding pad 44 which is formed between 
the read pad 38 and write pad 34 and along a midline through the coil 40 (figure 
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3). In this embodiment the via 36 connects the ECS 31 to the grounding pad 
44 and none of the other contact pads 33, 34, 38, 39 are electrically connected to 
the ECS 31. 

The label CS4 in figure 5 indicates a line perpendicular to the plane of the 
section, i.e. along a line parallel to the ABS 22. The CS4 line passes through 
the approximate center of the ground pad 44. A cylindrical core sample (not 
shown) centered around the CS4 line with a radius selected so that the core 
does not extend outside of the ground pad would also not extend outside of the 
ECS 31 . The features encountered in the core sample in sequence would be 
the substrate 15; the first undercoat layer 11a; the ECS 31 ; the second undercoat 
layer 11b and the ground pad 44. Thus, viewed along this core, the ECS 31 
covers the ground pad 44. Figure 6 is an illustration of a section, perpendicular 
to the air bearing surface of a head 10 according to a third embodiment of the ^ 
invention. In this embodiment the ECS 31 covers a larger area than in the 
previous two embodiments because it extends to the air bearing surface. The 
ECS 31 in this case extends to cover substantially all of the surface in the layer 
except for the write pads 33, 34. 

Copper is the preferred material for the ECS 31 when the ECS 31 does 
not extend to the ABS 22, but other conductive materials can be used. Copper 
is already used in prior art heads for coils and pad, so conventional techniques 
can be used to deposit and pattern the copper for the ECS 31 . Other metals 
such as gold, silver, chromium, aluminum, etc. can also be conveniently used. 

The thickness of the ECS 31 is not critical. Since the ECS 31 does not 
affect the spacing of any other components in the head, the only constraints are 
that it be thick enough to be sufficiently conductive to perform adequate shielding 
and that it not be so thick as to increase the size of the head or degrade 
planarization. Adequate conductivity can be determined empirically for the 
particular head design in which the ECS 31 is being used. A thickness on the 
order of 1 ,000 Angstroms is a good estimate for heads in common use as of the 
writing of the application. 
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Although the embodiments of the invention have been described in a 
GMR merged head environment, the ECS 31 as described herein is not limited to 
this application. Those skilled in the art will recognize that the ECS 31 of the 
invention may be used in magnetic transducers regardless of the type of sensor 
element used. 
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